Einkorn is one of the oldest and important wheat species because of its increasing economic value, agronomical technical properties, and health and sanitary effects. Therefore, a faster tissue culture production protocol which may ensure a fast einkorn production is desired. The tissue culture process first requires an efficient sterilization technique of the explant to eliminate contamination factors in this hulled species. In this study, we, thus, aimed to determine the effective einkorn sterilization process for the removal of contaminating microorganisms without the loss of germination capacity and viability. We tested 22 following sterilant combinations with different concentration and exposure time: Ethanol, Commercial Bleach, Tween 20, Mercury (II) Chloride, and Sterile Distilled Water. On the other hand, obtained the data were analyzed by one-way ANOVA and Duncan test, where p≤0.05 was accepted significant. Forty percent commercial bleach which were applied fifteen minutes eliminated all microorganisms with a 92.6% seed germination. The second-best technique was one minute exposure of 70% ethanol which were followed by 10 minutes exposure of 20% commercial bleach. This assured up to 89% germination and no contamination. The worst results came from the mercury (II) chloride with 0% contamination and ≤ 25% germination rate. Mercury (II) Chloride was both highly toxic on the seeds and reduced the contamination. Commercial Bleach and Ethanol Chemicals were less toxic while providing an acceptable sterilization.
Introduction
Wheat (Triticum aestivum L.) of Poaceae family grows in the most parts of the world. It was first cultivated more than ten thousand years ago in the Fertile Crescent. Nowadays, it is the second largest annual crop produced and consumed (~700 million tons), which supplies about 20% of the world's calories [1] and a major amount of protein. Biotic (fungal, bacterial, etc.) and abiotic (salt, cold, etc.) stresses, on the other hand, cause serious yield losses in wheat production. Therefore, efforts to sustain the wheat production through the application of new approaches including tissue culture are considered to be desired alternative approaches. Einkorn (Triticum monococcum ssp. monococcum) is the first cultured hulled wheat species. Its domestication dates back to 9,000 B.C in Turkey. Einkorn is the most basic wheat form because of its diploid chromosome number (2n=14). Einkorn is, currently, cultivated in mountainous areas of Turkey, Greece, Bulgaria, Yugoslavia, and Italy at smaller quantities [2, 3] . Einkorn, with its low glycemic index, is a good food agent against the chronic diseases, cancer(s), obesity, diabetes, etc. In addition, it has more lutein than that of Triticum aestivum L., which prevents skin, eyes, and cardiovascular health problems [4, 5] .
In vitro plant culture "which encompasses cell, tissue, organ, and also embryo culture", is a vital technique for mass multiplication of plants, elimination of plant diseases through meristematic tissue culture technique, plant conservation, and crop improvement through gene transfer" [6] . Fundamentally, plant culture technique consists of transferring different pieces of a plant (such as a stem tip, plantlet, scutellum, node, meristem, embryo, coleoptile or even a seed) and whole plant into a sterile nutrient medium where they multiply [7] . However, the success of plant tissue culture process strictly depends on efficient explant sterilization protocol. During plant tissue culture process, contaminations are the most serious problems which cause to losses by microorganism in explant sources. These microorganisms include viruses, bacteria, fungi, yeast, etc. Nutrient media in which the plant pieces are planted have also good source for microbial growth. These microorganisms compete hard with the plant material for nutrient in the media [7] . The presence of these microbes in the plant cultures process usually results in increased culture mortality, lowered growth, tissue necrosis, reduced shoot proliferation, and reduced rooting [8] .
There are a lot of common sterilants for the surface sterilization of plant material. Popular disinfectants are sodium hypochlorite, ethanol, mercuric chloride, calcium hypochlorite, silver nitrate, hydrogen peroxide, bromine water, and Tween 20 [9] . However, many sterilants can be toxic to the plant tissues, because of their concentrations, their exposure duration to the explants or their process sequence, etc. [10] . Hence, the efficient plant tissue culture processes start use with an optimal sterilization technique. The choice of time period and chemical agents depend on the sensitivity of the explant to be sterilized. Because, the preferred procedure for sterilization eliminate all microorganisms on one hand kill the plant tissue on the other hand. The biological activity in the explant sources should be protected during the sterilizations process as well. Therefore, it is important to determine the optimal conditions for each plant species, tissues and explant types.
Up to now, there are no study reports about the surface sterilization process of einkorn wheat. Hence, the aim of this study was to determine the best sterilization protocol for in vitro propagation process of einkorn (Triticum monococcum ssp. monococcum) wheat at the Abant İzzet Baysal University, Biology Department, Plant Genetics & Pathology Laboratory, Bolu, Turkey in 2017.
Material and Methods

Seed source
The seeds of einkorn (Triticum monococcum ssp. monococcum) in this study were get from Seben (Bolu) District in the 2015/2016 at the harvest and all the experiments were conducted at the Abant Izzet Baysal University, Biology Department, Plant Genetics & Pathology Laboratory, Bolu, Turkey in the 2017.
Surface sterilization of einkorn seed
Tween 20 (Sigma), Commercial Bleach-Domestos (4.6% NaClO), Ethanol (Merck), Mercuric Chloride (Sigma) were used in this study. Used sterilants were applied at different concentrations, methods, and exposure times. Totally, 22 different sterilization methods were applied. In all methods, einkorn wheat explants were washed for one minute by distilled water in which 5 drops of Tween 20 were poured into 100 ml at the beginning (Table 1) . The variables were with or without 70% Ethanol, Domestos 20%, 30%, or 40% for 10 or 15 minutes, Mercury Chloride 0.1% or 0.3 % for 10 or 15 minutes. The labware (beakers, pens, water etc.) was sterilized in the autoclave (Nüve OT -40L) before the experiment. And, hulls of the seeds were dehulled before the sterilization process. Then, the healthy seeds were selected before and after the surface. Used seeds were washed 3 times with sterile water and then pl anted into petri plates. All sterilizations processes were realized in the laminar airflow chamber (Nüve LN 090). All variables were repeated 3 times. 
Germination media and cultivation conditions
The germination of einkorn wheat seeds was induced on 4.4 g/l Murashige and Skoog (Murashige and Skoog 1962) nutrient medium (Duchefa) supplemented with 30 g/l sucrose (Merck) and 8 g/l plant Agar (Duchefa). The pH of all media was adjusted between (5.7-5.8) using 1 N HCl and 1 N NaOH before autoclaving [11] . UV light in the laminar flow was switched on 15 minutes before seeds were planted into the media. All cultures were incubated in the growth room under 16 h light 8 h dark at 23±2 ºC and 60-70% relative humidity for 10 days [12] . Germination of einkorn wheat seeds started within 4-5 days after planted, and 10 days later germination and contamination rates were calculated [10] .
Statistical analysis
The germination percentage was measured in each petri after 10 days and analyzed by SPSS software version 24. Analysis of variance (ANOVA) test was performed and mean comparison was carried by Duncan's multiple range test (p<0.05) [13] . Contamination percentage was, on the other hand, calculated using Microsoft Office Excel Worksheet [10] .
Findings
During this study, various surface sterilizing materials were applied by different methods at different concentrations and exposure times to determine the most efficient sterilization procedure without the loss of germination capacity in hulled einkorn wheat. Twenty-two different surface sterilization methods were evaluated for seeds of einkorn wheat and described in Table 1 . Since an efficient sterilization protocol of einkorn wheat may accelerate the success in future tissue culture studies sterilization of explant in tissue culture is the first important step.
The best germination percentage was realized in 10 minutes group with the sterilization method 2 (89.00%). Sterilization method 6 had also a good germination percentage of 86.25%. Sterilization method 8, 9, and 10 had, on the other hand, ended up with the lowest germination percentage of 1.75%, 1.75%, and 0%, respectively (Figure 1 ). The highest contamination in 10 minutes group developed in the control group and sterilization method 6: 100% and 20%, respectively. Sterilization methods 2, 7, 8, 9, and 10 did not have in any contamination ( Figure  3 ). The best germination percentage in 15 minutes group was the sterilization method 13 with 97.08%. Sterilization methods 16 and 14 had almost the same germination level, 92.66% and 92.14%, respectively. These two methods were the second better techniques (Figure 2 ). Sterilization methods 20 and 21 had lower germination: 0.25% and 0.00%, respectively ( Figure 2 ). Control group and the sterilization method 13 developed the highest contamination in 15 minutes group. Their percentages were 100% and 20%, respectively. Sterilization methods 12, 15, 16, 17, 18, 19, 20 , and 21 did not produce any contaminations (Figure 4) .
The results of all methods showed that, 5 drops of Tween 20 for 1 minute, then 70% ethanol for 1 minute, and 20% Domestos (4,6% NaClO) for 15 minutes (sterilization method 13) were given the best for germination values. The sterilization method 16 had the highest percentages for both (Table 2) , if we consider germination and contamination together in one method. 
Discussion and Conclusion
Tissue culture methods are successfully aided to produce many kinds of plants for commercial and research purposes [13] . During tissue culture procedure, new plants are grown from pieces of explant in a nutrient medium under sterile conditions. Several bacteria and fungi can exist and develop on these plant tissues surfaces. Therefore, it is important that the explants must be free of any microbial contaminants prior to the tissue culture since microorganisms may grow in the culture medium [14] . Thus, this study was performed to determine the best seed sterilization protocol for einkorn wheat. Many techniques in our experiment showed better germination and lower contamination rates. HgCl2 was extensively applied for surface sterilization in tissue culture [15, 16] . Exposure to HgCI2 decreased the survival rate of explant rate [17] . Our findings supported this statement with the lowest germination rate with the methods included HgCl2. Even small amounts of HgCI2 and shorter exposure time killed almost all einkorn wheat seeds (Figure 1 ). On the other hand, the methods with HgCI2 did not allow to any contamination. That is probably because of the highly toxic properties of HgCI2 to human, plant, and microorganism. Our result also showed that HgCI2 was toxic to einkorn seeds and severely decreased the germination capacity ( Table 2) .
The use of NaClO for surface sterilization of explant sources have been reported in many previous studies as well [18] [19] [20] . NaClO is very common in vitro culture processes because of its simplicity, effectiveness, and cheapness. NaOCl is, also, highly effective sterilant against all kinds of bacteria, fungi, and viruses. In this study, increased NaClO amount and exposure time Contamination,
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amplified the germination and lessened the contamination rates (Methods 2, 14, and 16). On the other hand, Ethanol chemical is known to be powerful but also phytotoxic sterilizing agent.
It is usually applied with other chemicals. Two-step sterilization process with ethanol was found to be effective in a previous study [9] . Ethanol with NaClO in our study also provided the best germination rates (Methods 2 and 13). Of these effective sterilants may provide a good start with einkorn and grain crops similar to einkorn as well and decrease the time loss when a lab starts tissue culture studies for the first time. Obtained results of the study have demonstrated that the use of simple procedure immersion in 5 drop of Tween 20 into 100 ml distilled water for 1 minute, followed by soaking in Sodium Hypochlorite 40% for 15 minutes is sufficient for the surface sterilization and of einkorn seeds without any loss of germination capacity.
